Additional STM dI/dV spectra and dI/dV maps of 7-13 GNR heterojunctions
Supplementary Fig. 1 shows dI/dV spectroscopy measurements on a different 7-13 GNR heterojunction compared to the one discussed in the main paper. This GNR heterojunction consists of four monomers of 1 (the N = 7 precursor) covalently bound to three monomers of 2 (the N = 13 precursor) that have undergone the dehydrogenation/cyclization. The four unoccupied-state resonances discussed in the main paper can be clearly seen for the 7-13 GNR heterojunction in Supplementary Fig. 1a , although their energies are slightly shifted from those depicted in Fig. 2 in the main text (this slight shift in energy might be due to different segment lengths and/or slight differences in the local environment). The dI/dV map of state 1 for this 7-13 GNR heterojunction ( Supplementary Fig. 1b) shows highest LDOS on the N = 7 segment.
The lower-energy state 2 ( Supplementary Fig. 1c ) exhibits highest LDOS on the wider N = 13 segment. State 3 ( Supplementary Fig. 1d ) shows a slight increase in the LDOS at the interface region between the N = 7 and N = 13 segments compared to state 2. State 4 ( Supplementary Fig.   1e ) shows a pronounced increase in the LDOS intensity at the interface region, as well as a dropoff of intensity at the edges of the N = 7 and N = 13 segments. Overall, the LDOS distributions revealed by these dI/dV maps are quite similar to what is seen in the other 7-13 GNR heterojunction displayed in Figs. 3a-3d. 
Discussion of the height dependence of the electron potential energy
We are able to understand the difference in the height-dependent (along the direction normal to the plane) electron potential energies above atomic positions in the interior compared to those above atomic positions at the edges of the GNRs by considering the charge distribution of the nanoribbon. The carbon nuclei, having positive charge, are point-like and fixed in the graphene plane while the valence electrons are delocalised and exhibit a density distribution that extends into the out-of-plane (i.e., the planar normal) direction. This density distribution for the finite-width ribbon leads to a height-dependent electron potential energy profile which holds true for atomic positions both in the interior and at the edges: the potential energies are negative (i.e., attractive) very close to the graphene sheet, and become positive (i.e., repulsive) at some distance further away from the graphene sheet. However, the electrostatic interaction felt by an electron above an edge atomic position is attributed more to the charges in the interior of the nanoribbon than to the small amount of electron charge that is spilled into the vacuum near the edge.
Therefore, compared with the electrostatic potential energy profile above the interior atomic positions, the potential energies above the edge atomic positions are smaller in absolute value at all heights, except near a small transition region where the potential goes from negative (near plane) to positive (far from plane) value. As a result, the electrostatic potential difference between the edge and the interior (V edge -V interior ) is positive at a small height above the graphene plane and turns negative above certain critical height (which may be system dependent). We expect the above analysis to be true for any atomically thin quasi-2D system.
In Supplementary Fig. 3 we show the height-dependent electrostatic potential energy difference as well as the self-consistent potential energy (electrostatic plus exchange-correlation) difference between the edge atomic position A 1 and the interior atomic position A 2 obtained using density functional theory for the 7-13 GNR heterojunction (see Fig. 4f in the main text).
The electrostatic potential energy difference is positive at small height and turns negative at ~2.1 Å above the ribbon, consistent with our qualitative analysis above. The self-consistent potential energy is different from the electrostatic potential energy because it takes into account the exchange-correlation effects at the LDA level. These additional effects lower the potential seen by the electron above the edge atom even further when compared to the interior atomic position.
The overall effect is that for a given electronic state, the wavefunction is expanded in the normal direction on the edge atom when compared to the extension above the atoms in the interior of the ribbon.
Discussion of Self-Energy Correction to LDA calculations for 7-13 GNR heterojunctions
Although self-energy corrections could, in principle, modify the quasiparticle excitation energies of different states from their mean-field values (in the present case the Kohn-Sham eigenvalues within LDA), they are not expected to alter the peak ordering assignments. Our LDA calculations indicate that the lower-energy states 2-4 originate from the wider N = 13 part of the heterostructure, whereas the highest-energy state 1 originates from both the narrow N = 7 and wide N = 13 segments. Since states 2-4 all have similar spatial localizations, their relative energy differences calculated with DFT functional will not be significantly affected by self-energy corrections. The highest-energy state 1, on the other hand, originates from both the narrower and the wider GNR part, and so the self-energy correction to this state is expected to be larger than that to the lower-energy states 2-4 (the self-energy correction to a free-standing 7-AGNR is larger than that to a free-standing 13-AGNR; see Phys. Rev. Lett. 99, 186801 (2007)). As a result, the LDA calculations set a lower bound of the energy difference between the state 1 and the state 2 with regard to self-energy corrections, and so the peak ordering should remain preserved.
Additionally, metallic screening from the Au substrate will minimize even the quantitative difference between the quasiparticle energies and the Kohn-Sham eigenvalues. To demonstrate this we used the N = 13 armchair graphene nanoribbon (13-AGNR) as a model system and performed GW calculations to study substrate screening effects on the quasiparticle bandgaps. Our quasiparticle band structure calculations were performed within the ab initio GW approach (Phys. Rev. B 34, 5390 (1986) ) as implemented in the BerkeleyGW package (Comp.
Phys. Commun. 183, 1269 Commun. 183, (2012 ). Since the graphene nanoribbon is directly deposited on the gold surface, we included environmental screening effects by adding to the intrinsic polarizability of the nanoribbon a term having the following form:
This expression corresponds to the case of small separation between the graphene nanoribbon plane and the gold surface, and has been used in much previous theoretical work in the graphene field (See, for example, Phys. Rev. Lett. 102, 076803 (2009) and Phys. Rev. Lett. 110, 146801 (2013) ). Furthermore, since the screening effects of a noble metal at the static limit follow the Thomas-Fermi model for an electron gas, we employ a wave-number dependent dielectric function to describe the screening effects of gold:
in which the screening wave-vector is -1 (Solid State Physics, Ashcroft and Mermin).
With this additional screening term added to the dielectric polarizability matrix of the free standing 13-AGNR and within the COHSEX approximation of GW, the quasiparticle bandgap is calculated to be 1.1 eV. Comparing this quasiparticle bandgap with the LDA bandgap of 0.9 eV, we obtain a self-energy correction of only 0.2 eV for the case of the nanoribbon on gold. On the other hand, if the substrate screening is ignored, our calculated quasiparticle bandgap for the 13-AGNR is 2.1 eV, yielding a much larger quasiparticle correction of 1.2 eV for this case. These results clearly demonstrate that the substrate effectively screens out the quasiparticle corrections not captured by LDA, and brings the quasiparticle bandgap much closer to the Kohn-Sham LDA gap.
Next we compare our theory with experiment. In our experiment, the measured local quasiparticle bandgap is 1.3 eV within the N = 13 part of the heterostructure. Our LDA calculations give a bandgap of 1.0 eV. Consequently, the quasiparticle correction going beyond 7 LDA in our experiment is 0.3 eV. This value is in reasonable agreement with our calculated selfenergy correction in the case with substrate screening (0.2 eV), and is in clear contrast to the self-energy correction without considering substrate screening (which is 1.2 eV). We summarize our results in Table I . Table I . Quasiparticle corrections going beyond LDA from theory and experiment.
In summary, except for a small increase in energy difference between the states 1 and 2, our LDA-based peak assignments should be robust against self-energy corrections. The fact that the LDA calculations agree well with the experimental dI/dV maps ( Figure 3 in the main text) also provides strong evidence that the peak assignments are appropriate and provide a useful means for interpreting the experimental data. Supplementary Figure 2 . dI/dV spectroscopy of 7-13 GNR heterojunction showing occupied state maps (this GNR heterojunction is different from the one shown in Supplementary Fig. 1) . a, Blue curve shows dI/dV spectrum acquired on narrow N = 7 segment of 7-13 GNR heterojunction at location of blue cross in inset topography. Red curve shows spectrum acquired on wide N = 13 segment at location of red cross in inset. Black curve shows spectrum acquired at interface region between N = 7 and N = 13 segments (black cross in inset). Green curve shows calibration spectrum acquired with tip held over bare Au (111) 
